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Allergic diseases such as rhinitis and asthma are very common worldwide. Their 
prevalence is constantly increasing as clearly demonstrated by large population 
based epidemiological studies. Increased exposure to sensitizing allergens is one 
of the key factors driving these rising trends. T lymphocytes are among the 
principal mediators that regulate and coordinate human immune responses. They 
play an important role in the pathogenesis of allergic diseases. In order to develop 
a better understanding of immune-mediated disorders, it becomes imperative and 
necessary to study the allergen-specific T cell response upon challenge. 
 
In the present study, an in vitro model was established using human peripheral 
blood mononuclear cells (PBMC) from both allergic (n=6) and non-allergic (n=4) 
subjects to investigate lymphocytes response to house dust mite (HDM) challenge 
in three aspects: 1) the profiles of secreted cytokines upon HDM challenge; 2) 
HDM-induced phosphorylation of MAP kinases (p38, ERK, JNK); 3) activation-
induced generation of reactive oxygen species (ROS) and cleavage of apoptosis-
related proteins such as caspase-3 and poly (ADP-ribose) polymerase (PARP). In 
addition, the Traditional Chinese Medicine (TCM) Lingzhi was used in 
combination with HDM challenge to investigate its potential anti-oxidant and anti-
inflammatory effects. 
 
The results showed that Interferon-gamma (IFN-γ, T helper 1 cytokine) was 
equally (with no statistical difference) produced in cultures of PBMC from both 
allergic and non-allergic subjects upon challenge with HDM. In contrast, 
Interleukin-5 (IL-5, T helper 2 cytokine) increased significantly in allergic 
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subjects but not in healthy controls. The profile and pattern of Th1 and Th2 
cytokine productions were similar in HDM-challenged tonsillar lymphocytes and 
PBMCs, but the absolute concentrations were different. Cytokine production was 
significantly lower in the cryopreserved PBMCs than fresh ones. The 
phosphorylation status of p38 and ERK were activated in both allergic and healthy 
groups. However, activation of JNK was only found in allergic subjects. In HDM 
challenged cells, a burst of ROS was detected in allergic group but not in healthy 
controls. The generation of ROS was inhibited when the cells were co-treated with 
Lingzhi. Furthermore, activation of caspase-3 and subsequent cleavage of the 
substrate PARP was found mostly in allergic PBMCs after HDM challenge, which 
was inhibited to some extent by Lingzhi. 
 
In summary, in this small sample size study, we demonstrated that allergen 
induced T lymphocytes response differs between allergic and non-allergic subjects. 
Our results on allergen-induced cytokine production, MAP kinase activation and 
apoptotic response of human lymphocytes might provide some useful information 
in the better understanding of the pathogenesis of allergic diseases. It appears that 
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Chapter 1 General Introduction 
 
1.1 Immunology: a brief overview  
We live in a colorful world and the biological universe appears amazingly diverse. 
With the immune system we can live peacefully in a potentially hostile 
environment filled with various infectious agents; as we have developed a series 
of defense mechanisms. These defense mechanisms establish a state of immunity 
against infection and whose operation provides the basis for the delightful subject 
called “immunology”. The term immunity comes from the Latin term immunis, 
meaning “exempt”, which refers to all the mechanisms used by the body to protect 
against environmental agents that are foreign to the body. The cells and molecules 
responsible for immunity constitute the immune system, and their collective and 
coordinated response to the introduction of foreign substances is called the 
immune response. Immunity is divided into two categories, namely (1) innate 
immunity, (2) acquired immunity [Benjamini et al., 2000]. 
 
1.1.1 Innate immunity 
Innate immunity is present from the birth and before infection and is relatively 
nonspecific. Many important nonspecific factors take part in innate immunity, 
including various physical and chemical barriers (skin and mucous membranes) 
and cellular components. For example 1) Physical barriers provide the first barrier 
to prevent the microorganisms from accessing the body 2) phagocytic cells such 
as granulocytes, macrophages kill microorganisms and 3) complement facilitates 
phagocytosis [Janeway et al., 2001; Roitt et al., 2001].  
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1.1.2 Acquired immunity 
Acquired immunity is more specific than innate immunity. This type of immunity 
is mediated by lymphocytes and characterized by antigen-specificity and memory. 
There are two types of acquired immunity: humoral immunity and cellular 
immunity. Humoral immunity is mediated by B lymphocytes (so named because 
they originate in bone marrow) and circulating antibodies. Antibodies are proteins 
secreted by B cells and they can specifically recognize and bind to antigens, 
neutralize the infectivity of the antigen and target them for elimination by various 
effector mechanisms. Cellular immunity is mediated by T lymphocytes (also 
called T cells, named for their differentiation in the thymus).  
 
T cells play a central role in controlling the acquired immune response and serve 
as crucial effector cells through antigen specific cytotoxic activity and the 
production of soluble mediators called lymphokines (the cytokines produced by 
lymphocytes) [Janeway et al., 2001]. There are different subsets of T lymphocytes 
that differ in effector function, MHC restriction and accessory molecule usage. T 
cells that express the membrane glycoprotein molecule CD4 are restricted to 
recognizing antigen bound to class II MHC molecules, whereas T cells expressing 
CD8, a dimeric membrane glycoprotein are restricted to recognition of antigen 
bound to class I MHC molecules. Thus the expression of CD4 versus CD8 
corresponds to the MHC restriction of the T cell. In general, expression of CD4 
and CD8 defines two major functional subpopulations of T lymphocytes. CD4+ T 
cells generally function as T helper (Th) cells and are class II-restricted; CD8+ T 
cells generally function as T cytotoxic (Tc) cells and are class-I restricted. Th cells 
are activated by recognition of an antigen-class II MHC complex on an antigen-
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presenting cells. After activation, the Th cell begin to divide and gives rise to a 
clone of effector cells, each specific for the same antigen-class II MHC complex. 
These Th cells secrete various cytokines, which play a central role in the 
activation of B cells, T cells, and other cells that participate in the immune 
response. Tc cells are activated when they interact with an antigen-class I MHC 
complex on the surface of an altered self-cell (e.g., a virus-infected cell or a tumor 
cell) in the presence of appropriate cytokines. This activation, which results in 
proliferation, causes the Tc cell to differentiate into an effector cell called a 
cytotoxic T lymphocyte (CTL). Incontrast to Th cells, most CTLs secrete few 
cytokines. Instead, CTLs acquire the ability to recognize and eliminate altered 
self-cells. Another subpopulation of T lymphocytes-called T suppressor (Ts) cells-
has been postulated. Some T cells help to suppress the humoral and cell-mediated 
branches of the immune system, but the actual isolation and cloning of normal Ts 
cells is a matter of controversy and dispute among immunologists. For this reason, 
it is uncertain whether Ts cells do indeed constitute a separate functional 
subpopulation of T cells. Some immunologists believe that the suppression 
mediated by T cells observed in some system is simply the consequence of 
activities of Th or Tc subpopulations whose end results are suppressive [Roitt et 
al., 2001]. 
 
1.2 Antigen, immunogen and allergen 
Acquired immune responses arise as a result of exposure to foreign stimuli. The 
compound that evokes the response is referred to as either “antigen” or 
“immunogen” [Benjamini, 2000]. An antigen is any agent capable of binding 
specifically to components of the immune response, such as lymphocytes and 
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antibodies whilst an immunogen is any agent capable of inducing an immune 
response. Hence, all immunogens are antigens, but not all antigens need be 
immunogens. A substance must possess the following characteristics to be 
immunogenic: (a) foreignness, (b) high molecular weight, (c) chemical 
complexity, and, in most cases, (d) degradability. In addition, the genetic makeup 
(genotype) of the immunized individual plays an important role in determining 
whether a given substance will stimulate an immune response, which is largely 
controlled by genes mapping within the Major Histocompatibility Complex 
(MHC). Another factor that plays a crucial role in the immunogenicity of 
substances relates to the B and T cell repertoires of an individual. If an individual 
lacks a particular clone of lymphocytes consisting of cells bearing the identical 
antigen-specific receptor needed to respond to the stimulus, an immune response 
to that antigen will not take place. Finally, practical issues such as the dosage and 
route of administration of antigens also play a role in determining whether the 
substance is immunogenic.  
 
Fig.1. Electron micrograph of house dust mite (Dermatophagoides spp.). 
Generally found in mattresses, pillows, overstuffed furniture, rugs, floors or other 
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protected places where peoples sleep or sit for long periods. From 
http://vector.ifas.ufl.edu/graphics/house_dust_mite-co.jpg. 
 
Under some circumstances, immune responses produce damaging and sometimes 
fatal results. Such deleterious reactions are known collectively as hypersensitivity 
or allergic reactions; antigens that commonly cause hypersensitivity or allergic 
reactions are referred to as allergens, such as grass pollens, animal danders, the 
feces from mites in house dust (Fig.1). An increasing number of allergens have 
now been cloned and expressed, including Der p1 from mites and Lol pI-V from 
rye grass pollen. Der p1 proves to be a protease which increases the permeability 
of the bronchial mucosa, thereby facilitating its own passage along with other 
allergens across the epithelium and allowing access to and sensitization of cells of 
the immune system. It is now possible to test whether a subject is allergic to a 
particular allergen by skin prick test. This test is done by placing a drop of a 
solution containing a possible allergen on the skin, and a series of scratches or 
needle pricks allows the solution to enter the skin. If the skin develops a red, 
raised itchy area (called a wheal), it usually means that the person is allergic to 
that allergen. This is called a positive reaction [Benjamini et al., 2000]. 
 
1.3 Allergy and allergic diseases 
1.3.1 Types of hypersensitivity reactions 
Allergic diseases are common and among the major diseases of the world. It is a 
global health problem as it is estimated that 500 million people suffer from 
allergic diseases, in both the developed and developing countries [Bousquet et al., 
2006]. The word “allergy” can mean many things to the lay person. In the 
community, diverse symptoms are often attributed to “allergy”, including rhinitis, 
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asthma, eczema, urticaria, food hypersensitivity. In modern immunology, allergy 
is defined as a detrimental immune-mediated hypersensitivity [Douglass et al., 
2006]. It should be remembered that hypersensitivity reactions differ from 
protective immune reactions only in that they are exaggerated or inappropriate and 
damaging, and sometimes fatal to the host. In the early 1960s, hypersensitivity 
reactions were divided into four types, designated by Coombs and Gell as 
summarized in Table 1: 
 
 
  Table 1. Summary of four types of hypersensitivity reactions 
 Type I Type II  Type III  Type IV 
Immune reactant Ig E IgG IgG Th1, Th2 cells, CTL 
Allergen Soluble antigen 



































Type1: IgE-mediated reactions are stimulated by the binding of IgE (via its Fc 
region) to high-affinity IgE-specific Fc receptors (FcεRI) expressed on mast cells 
and basophils. When crosslinked by antigens, the IgE antibodies trigger the mast 
cells and basophils to release pharmacologically active agents that lead to clinical 
manifestations, including rhinitis, asthma, and, in severe cases, anaphylaxis. 
Reactions are rapid, occurring within minutes after challenge, that is, reexposure 
to antigen. Thus, type I hypersensitivity is also called immediate hypersensitivity. 
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Type II: cytolytic or cytotoxic reactions occur when IgM or IgG antibodies bind to 
antigen on the surface of cells and activate the complement cascade, which 
culminates in destruction of the cells. Type III: immune complex reactions occur 
when complexes of antigen and IgM or IgG antibody accumulate in the circulation 
or in tissue and activate the complement cascade. Reactions occur within hours of 
challenge with antigen. Type IV: cell mediated immunity reactions-also called 
delayed-type hypersensitivity- is mediated by T-cell-associated effector 
mechanisms rather than by antibody. On activation, the T cells release cytokines 
that cause accumulation and activation of macrophages, which, in turn, cause local 
damage. This type of reaction has a delayed onset and occurs 1-2 days after 
challenge with antigen. This classification system helped to define the initiating 
mechanisms of allergic reactions and was not meant as an attempt to classify 
either the pathogenesis of the later stages in the disease process or the actual 
disease themselves [Benjamini et al., 2000].  An understanding of the basic 
mechanisms underlying these disease processes has been fundamental in their 
prevention, diagnosis, treatment and control. 
 
1.3.2 Prevalence of allergic rhinitis and asthma 
Respiratory allergy (allergic rhinitis and asthma) is a high-prevalence disease that 
affects on average 10-15% of the general population [Blaiss 1999]. Although not a 
severe disease, allergic rhinitis can alter the self perceived health status, pose 
limitations in everyday activities. Disease-specific health-related Quality of Life 
(QOL) questionnaires have shown that allergic rhinitis comprises more than 
symptoms for the patients, with many aspects of their life being affected: social 
life, ability to sleep, work and school performance, memory and learning capacity 
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as well as medical costs[Wijk and Canonica, 2006] Recently, a study by Leger et 
al demonstrated the close relationship between allergic rhinitis and quality of 
sleep, showing that all dimensions of sleep quality were impaired by allergic 
rhinitis, particularly by the severe type [Leger et al., 2006]. Development of an 
asthma QOL questionnaire shows the complex spectrum of problems that asthma 
patients are confronted with. Symptoms like shortness of breath, chest tightness 
and wheeze affect patient’s physical comfort. Exposure to respiratory irritants like 
cigarette smoke, dust and air pollution was described as troublesome and was 
correlated many times with triggering or aggravation of symptoms with an 
impairment of well being on the physical level. Of note, epidemiological study has 
shown that the prevalence of allergic rhinitis and asthma has increased 
dramatically over the past few decades with the highest incidence occurring in 
children [Halken et al., 2006]. For example, in a study by Goh et al, the 
international study of asthma and allergies in childhood (ISAAC) written 
questionnaire was administered to 6238 schoolchildren. They showed that the 
overall cumulative and 12 month prevalence of wheezing were 22% and 12%, 
respectively. The prevalence of doctor diagnosed asthma was 20%. Rhinitis was 
reported by 44% and chronic rashes by 12% of subjects [Goh et al., 1996]. 
Similarly, Lau and colleagues showed that in Hong Kong, the 12-month 
prevalence of wheezing, rhinitis symptoms and itchy rash were 9.2%, 35.1% and 
4.2%, respectively in 3618 randomly selected 6- to 7-year-old children [Lau et al., 
1998]. In addition, Hakansson and colleagues showed that in Danish children, the 
prevalence of rhinitis increased from 11.8% in 1986 to 23.3% in 2001 (p < 0.001) 
[Hakansson et al., 2007]. Between 1980 and 1996, the number of Americans 
diagnosed with asthma more than doubled to almost 15 million. Interestingly, the 
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highest rate of increase was reported in children under 5 years old [Adcock et al., 
2006]. 
 
Of note, allergic rhinitis is very common in patients with asthma, with a reported 
prevalence of up to 100% in those with allergic asthma [Thomas 2006], 
suggesting the concept of “one airway, one disease”. The incidence of allergic 
rhinitis in paediatric bronchial asthma patients was about 80% according to a 
questionnaire survey. Furthermore, the onset of allergic rhinitis sometimes 
precedes asthma, and onset of asthma maybe prevented by successful treatment of 
allergic rhinitis [Shimojo et al., 2004]. During the last decade, the link between 
allergic rhinitis and asthma has been explored by a number of epidemiological 
[ISAAC report 1998] and experimental studies [Braunstahl et al., 2000 and 
Hellings et al., 2001]. 
 
1.4 Allergen-specific T cell responses in allergic diseases 
Allergic diseases such as rhinitis and asthma are caused by dysregulated immune 
responses to environmental allergens in genetically predisposed individuals. 
Characterization of distinct CD4+ Th lymphocyte subsets by Mosmann in the 
1980s opened the door to studies aimed at defining the role of T lymphocytes in 
the immune response [Mosmann et al., 1986]. Defined by secreted cytokines, 
CD4+ Th cells are divided into at least two subsets known as Th1, and Th2. Th1 
cells synthesize and produce IL-2, IFN-γ and TNF-α and Th2 cells synthesize and 
secret IL-4, IL-5, IL-10 and IL-13. Several factors, mostly cytokines themselves, 
may specifically promote Th1 or Th2 outgrowth from antigen-activated precursor 
cells. Th1 cells develop when IL-12, IFN- γ and IL-18 are present during antigen 
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challenge of T cells. By contrast, the presence of IL-4 results in differentiation to 
Th2 cells. In addition, cytokines produced by Th1 can inhibit the function of Th2 
and vice versa [Benjamini et al., 2000]. Th1 cells are important in macrophage 
activation and cell-mediated immune response including delayed type 
hypersensitivity reactions. Th2 cells promote humoral immune responses. It is 
believed that overzealous Th2-driven responses result in the development of 
asthma. A predominantly Th2 response leads to IgE production, whereas a Th1 
response inhibits IgE production. Thus, in normal individuals, a balance is 
maintained between Th2-derived cytokines, that upregulate IgE responses and 
Th1-derived cytokines that downregulate IgE responses. Elevated serum IgE 
levels are generally considered to be a typical finding in the expression of allergic 
diseases [Laan et al., 1998; Gardner et al., 2004].  
 
1.5 Brief introduction to flow cytometry 
Flow cytometry is a powerful technique for analyzing large mixed populations of 
single cells. Fluorescence-activated cell sorting (FACS) is a more complex system 
which not only quantifies the fluorescent signal but also separates the cells from a 
mixed population that contains preselected characteristics (i.e. fluorescence 
intensity, size and viability). It is now a widely used method for analyzing 
expression of cell surface and intracellular molecules, characterizing and defining 
different cell types in heterogeneous cell populations, assessing the purity of 
isolated subpopulations, and analyzing cell size and volume. It allows 
simultaneous multi-parameter analysis of single cells. It is predominantly used to 
measure fluorescence intensity produced by fluorescent-labelled antibodies 
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detecting proteins or ligands that bind to specific cell-associated molecules, such 
as DNA binding by Propridium Iodide. 
 
The staining procedure involves making a single-cell suspension from cell culture 
or tissue samples. The cells are then incubated in tubes or microtiter plates with 
unlabeled or fluorescent-labelled antibodies. Cells are then analyzed on the flow 
cytometer. In the flow cytometer, the sample is hydrodynamically focused to a 
tiny stream of single cells. Laser light is directed onto the sample as it flows 
through the chamber. There are a number of detectors to detect the light scattered 
from the cells/particles as they go thought the beam. There is one in front of the 
light beam (Forward Scatter or FSC) and several side on to it (Side Scatter or 
SSC). Fluorescent detectors are used for the detection of fluorochromes 
themselves. 
 
Particles/cells passing through the beam will scatter the light, which is detected as 
forward scatter and side scatter. The combination of scattered and fluorescent light 
is detected and analyzed. Forward Scatter correlates with the cell size and Side 
Scatter depends on the density of the particle/cell (i.e. number of cytoplasmic 
granules, membrane size), and in this manner cell populations can often be 
distinguished based on their difference in size and density. Fluorochromes used 
for detection/staining will emit light when excited by a laser with the 





After the different signals or pulses are amplified they are processed by an Analog 
to Digital Converter which in turn allows for events (cells) to be plotted on a 
graphical scale (One parameter, Two parameter Histograms). Histogram files 
consist of a list of the events corresponding to the graphical display specified in 
the acquisition protocol [Wang et al., 2000]. 
 
1.6 Aim of study 
The goal of this study is to investigate the in vitro human lymphocytes response to 
house dust mite allergen challenge. It would provide a direct evidence for 
understanding the immunological and molecular mechanisms responsible for the 
development of allergic diseases. It may have some impact in the understanding of 
current anti-allergic treatments and the development of new therapeutic 
interventions for allergic diseases. Specific aims include: 
1. To establish an in vitro model for studying the HDM-induced T cell 
response in human lymphocytes. 
2. To determine and compare the HDM-induced production of cytokines in 
allergic and non-allergic subjects. 
3. To investigate T cell signaling pathways after exposure to HDM by 
measuring the phosphorylation state of MAP kinases. 
4. To investigate activation induced cell death in our model. 
5. To study the potential effect of Traditional Chinese Medicine Lingzhi in 
suppression of allergic response to HDM. 
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Chapter 2 Materials and Methods 
 
2.1 Subjects  
Peripheral venous blood was taken from 15 adult volunteers (9 males and 6 
females, aged between 23 and 26 years). All of them were carefully evaluated by a 
physician with their medical history, especially allergy-related diseases such as 
allergic rhinitis, asthma and eczema. Among them, 11 subjects were diagnosed as 
persistent allergic rhinitis, reporting at least two or more symptoms (nasal 
obstruction, rhinorrhea, sneezing and itchy nose) on most days during the past 
year and skin prick test (SPT) for common local allergens [Bousquet et al., 2001]. 
They were not under any treatments such as antihistamine, systemic or topical 
steroids, and immunotherapy. Informed consent was obtained from all subjects 
before the study.  
 
This study also included tonsillar tissues of 10 children (6 males and 4 females, 
aged between 3 and 9 years) who have undergone tonsillectomy in the ENT clinic 
of National University Hospital. Among them, 5 were diagnosed as persistent 
allergic rhinitis with IgE-mediated hypersensitization to at least one of the 
common local HDM, which was a part of routine clinical examination. 
Parent/guardian has agreed to donate tonsillar tissue for research purposes. Their 
personal and medical information was kept strictly confidential and anonymous 
throughout the study. Approval to conduct this study was granted by the National 
Healthcare Group Domain-Specific Review Board of Singapore 
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2.2 Allergy test 
Skin prick test (SPT) was performed on the volar aspects of the forearm. The arm 
was first cleaned with alcohol. Then a drop of commercially produced allergen 
extract (Dermatophagoides pteronyssinus, Blomia tropicalis, Elaeis guineensis, 
Curvularia spp.) was placed onto a marked area of skin. Using a sterile lancet, a 
small prick through the drop was made, allowing a small amount of allergen to 
enter the skin. Histamine and saline was used as positive and negative control 
respectively. The erythema flare diameter and wheel diameter was measured after 
15-20 minutes. A reaction of 3mm greater than the negative control was recorded 
as positive reaction.  
 
2.3 Establishment of primary cell culture from human tonsillar tissues 
A paired portion (equal or less than 50%) of fresh tonsillar tissues were preserved 
in HBSS (Hanks’ balanced salt solution, Sigma-Aldrich, St Louis, MO, USA) 
immediately after tonsillectomy and then transferred to the research laboratory. 
The specimen was placed in a Petri dish and covered with HBSS. A single-cell 
suspension was obtained by cutting the tissue into 3- to 10- mm small pieces with 
scissors and further disrupting the tissue fragments by gentle pressure from a 
polystyrene pestle in HBSS. The cells were rinsed 2 times with HBSS by repeated 
pipetting in order to break up any cell clumps. After sieving with a cell sieve, the 
cell mixture was isolated by Ficoll-paque density gradient centrifugation: cell 
suspensions were carefully layered on Ficoll-Paque PLUS followed by 
centrifugation at 400g for 30 minutes at room temperature without 
acceleration/deceleration braking. Then the upper layer was removed and the 
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lymphocyte layer was collected from the interface and washed 3 times with HBSS. 
A >90% viability lymphocytes was obtained.  
 
2.4 Isolation of PBMC 
PBMC were obtained by venous puncture in 10-ml sodium-heparin vacuum tubes 
(Becton Dickinson, Franklin Lake, New Jersey, US). Blood was diluted 1:1 with 
phosphate-buffered saline (PBS) and carefully layered over Ficoll-Paque PLUS 
followed by centrifugation (without braking) at 400g for 30 minutes at room 
temperature. Then the upper layer that contains the plasma and most of the 
platelets was discarded (Fig.2). The buffy coat layer was carefully collected and 
washed with PBS for 10 minutes at 200g at room temperature. A >95% viability 




Fig.2. Illustration of isolation of PBMC by density gradient centrifugation. 
 
2.5 Cell cultures 
Cells were then cultured at a concentration of 1x106/mL in complete medium, 
consisting of RPMI 1640 (Gibco-BRL Life Technologies, US) supplemented with 
5% fetal calf serum (FCS) (Hyclone, Logan, UT, USA), 2mM L-glutamine, 
 16
  
penicillin (100U/mL) and streptomycin (100Uug/mL) (Sigma, St. Louis, MO, 
USA) at 37°C in a 5% CO2 humidified incubator (SANYO, NCO-17AIC, Japan). 
 
2.6 Cryopreservation and thawing of PBMC 
Cells were counted using a hemocytometer and the density was estimated 
following the standard protocol. Then cells were collected and pelleted in 15ml 
test tubes. After that cells were resuspended in freezing media ( 10% DMSO and 
90% FCS) in no more than 5x106 cells/ml. Cells (1ml/vial)  were transferred to 
appropriately labeled cryo-vials and the vial was placed in a Mr. Frosty (Freezing 
Container, Wessington Cryogenics, UK) filled with 200ml of isopropanol. The Mr. 
Frosty was then places in -80°C. The effect of the isopropanol is to allow the tubes 
to come to the temperature of the freezer slowly, at about 1°C per minute. Once 
the container has reached -80°C (about 4 hours or, more conveniently, overnight) 
the vials were removed from the Mr. Frosty and immediately places in the liquid 
nitrogen storage tank. To maximize recovery of the cells when thawing, the cells 
were warmed very quickly by placing the tube directly from the liquid nitrogen 
container in a 37°C water bath with moderate shaking. As soon as the last ice 
crystal is melted, the cells are immediately diluted into pre-warmed complete 
medium. Then cells were spun down at 1000g for 5 minutes. Then cells were 
resuspended in a volume of complete medium appropriate for flask growing. 
 
2.7 House dust mite allergens preparation 
Crude extract of three mites was prepared from cultured mites. In brief, the mites 
were harvested when the culture was approximately 4-weeks old.  The mite 
culture was separated through a series of 500 μm and 125 μm sieves, by using a 
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mechanical sieve shaker. Mites with sizes greater than 120μm were transferred to 
a modified Tullgren, which was built up of 5 layers of gauze on a funnel that was 
attached to a 15ml-Falcon tube.  A 60W bulb was applied at a distance of 15 cm 
from the culture medium for 4 hours.  Most of the mites in the medium crawled 
through the gauze and down into the tube. Mites that remained in the funnel were 
then swept into the tube using a tiny soft brush after the gauze was removed.  One 
gram of frozen or lyophilized mites was homogenized using a pestle and mortar in 
the presence of liquid nitrogen. Twenty-five ml of phosphate-buffered saline 
(PBS), 2mM phenylmethyl-sufonyl fluoride (PMSF) and 1mM EDTA was used 
for protein extraction at 4°C overnight. After centrifugation at 15,000g for 15 
minutes, the supernatant of the extract was dialyzed overnight at 4°C against PBS. 
 
2.8 Purified extract of Linzhi 
Commercial product (for oral intake) of purified wild Lingzhi powder in capsule 
was kindly provided by Dr. K. Chu from the PuraPharm (PuraPharm International 
Ltd. Hong Kong, China). One capsule contains 340 mg purified wild Lingzhi. It 
was then reconstituted with PBS in the concentration of 10 mg/ml and stored in 4-
8 °C for further experiments 
 
2.9 Measurement of cytokine production  
Cells were cultured in 24-well plate in a 1ml volume in medium alone or with 
optimal stimulating concentrations of HDM (20μg/ml) in the presence or absence 
of Lingzhi (10μg/ml). In some experiments, cells were also cultured with a 
positive control antigen, Phorbol Myristate Acetate (PMA) (10ng/ml) plus 
Ionomycin (1μg/ml). Supernatants were collected by centrifugation (200g, 5min) 
at day 1, 3, 5 respectively. Then samples were processed with the BD CBA 
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Human Th1/Th2 Cytokine Kit (BD Biosciences, USA) and analyzed on a flow 
cytometer following standard experimental procedures: in every assay tube, 50μl 
of the mixed six capture beads (coated with antibodies specific for IL-2, IL-4, IL-
5, IL-10, TNF-α and IFN-γ cytokines), 50 μl of PE-conjugated detection agents, 
and 50 μl of recombinant standards or test samples were mixed to form sandwich 
complexes. The tubes were incubated for 3 hours at room temperature. Then 1ml 
of wash buffer was added to each assay tube and the tubes were centrifuged at 
200g for 5 minutes. The supernatant was carefully aspirated and discarded from 
each tube. 300μl of wash buffer was added to each tube to resuspend the bead 
pellet. Then the samples were analyzed on a flow cytometer. The fluorescence 
intensities were recorded in the FL3 channel. Absolute concentration of cytokines 
was calculated by normalizing to the standard curve using BD CBA Software. 
Amounts of allergen induced cytokines were calculated by subtracting the 
concentration from control cultures from concentrations obtained at Day 5 after 
allergen challenge. 
 
2.10 Detection of ROS  
Cells were cultured in 24-well plate in a 1ml volume and challenged with HDM 
(20μg/ml) in the presence or absence of Lingzhi (10μg/ml). Time course 
monitoring of ROS production was performed using H2DCFDA (molecular 
probes, Oregon, US). Cells cultures were collected at the noted time. The 
supernatants were obtained by centrifugation (200g, 5min) and resuspended in 
pre-warmed PBS containing H2DCFDA at a concentration of 10μM. After 
incubation for 30min, fluorescence intensity of stained cells was analyzed by flow 
cytometry using the FL-1 channel. Unstained cells were assessed as negative 
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control and H2O2 treated cells were used as positive control. The ROS level of 
unchallenged cells was set at 100 (relative fluorescence intensity) manually in the 
flow cytometer. Then the ROS level of treated samples were recorded and 
calculated.  
 
2.11 Western blotting analysis 
Cells were challenged with HDM (20μg/ml) alone or co-incubated with Lingzhi 
(10μg/ml). After noted time, cells were lysed using cell lysis buffer (BD 
Biosciences, USA) and equal amounts of total cell proteins were separated by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) using 
commercial equipment from Bio-Rad Laboratories. 12% separating gel was used. 
20μl of protein solution was loaded to every lane with 10μl protein-marker (Bio-
Rad Laboratories) in one lane. The buffer tank was filled with 1x SDS 
electrophoresis buffer, followed by connecting to the power supply and running at 
a constant voltage of 80 V. After bromphenol blue tracking dye entering into 
stacking gel, the current voltage was increased to 120 V. Power supply was 
disconnected when bromphenol blue tracking dye reached the bottom of the 
separating gel. Then the protein was transferred from the gel to the nitrocellulose 
membrane. The transfer sandwich with filter paper, gel and fiber pad were 
prepared following instructions from Bio-Rad. The protein transfer was carried 
out at a constant voltage of 40 V for 1 hour.  
 
After transferring the protein, the membrane was removed and incubated for 1 
hour in 5% (w/v) skim milk power with continuous shaking at room temperature. 
The membrane was then rinsed with PBS-T 0.1% (Phosphate-buffered saline with 
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0.1% Tween 20, pH7.4) three times, 5 minutes each time. The membrane was 
incubated with anti-pro-caspase-3 monoclonal antibody (mAB) or anti-cleaved 
PARP (BD Pharmingen, USA) overnight at 4ºC. The next morning the membrane 
was washed with PBS-T 0.1% three times, 5 minutes each time. The membrane 
was then incubated with anti-mouse secondary antibody in a dilution of 1:1000 at 
room temperature for 1 hour. PBS-T 0.1% was used to wash the membrane three 
times after incubation, 5 minutes each time. NBT/BCIP color development 
substrate (Promega) was prepared in alkaline phosphatase buffer (pH 9.5). The 
membrane was visualized by chemiluminescence detection system.  
 
2.12 Phospho-protein status detection 
Cells were challenged with HDM (20μg/ml) whole cell lysates were collected at 
0.5, 1, 1.5 respectively. Then samples were processed with the BD CBA Cell 
Signaling Kit (BD Biosciences, USA) and analyzed on a flow cytometer following 
standard experimental procedures. Briefly, 50μl of the mixed six capture beads 
(coated with antibodies specific for ERK1/2, JNK1/2, P38), 50ul of PE-
conjugated detection agents, and 50μl of recombinant standards or test samples 
were mixed to form sandwich complexes. The tubes were incubated for 4 hours at 
room temperature. Then 1ml of wash buffer was added to each assay tube and the 
tubes were centrifuged at 200g for 5 minutes. The supernatant was carefully 
aspirated and discarded from each tube. 300μl of wash buffer was added to each 
tube to resuspend the bead pellet. Then the samples were analyzed on a flow 
cytometer. The fluorescence intensities were recorded in the FL3 channel. 
Absolute concentration of phosphorylated protein (unit/mg) was calculated by 




2.13 Protein quantitation 
Protein quantitation was performed using the Coomassie Plus Bradford Assay Kit 
(Pierce Biotechnology, USA). When coomassie dye binds protein in an acidic 
medium, an immediate shift in absorption maximum occurs from 465 nm to 595 
nm with a concomitant color change from brown to blue. Thus, protein 
concentration can be determined by reference to the absorbance obtained for a 
series of standard protein (Bovine Serum Albumin, BSA) dilutions, which are 
assayed alongside the unknown samples. 10ul of each standard or unknown 
sample were mixed with 300ul of the Coomassie Plus Reagent in each well in a 
96-well plate. The plate was incubated for 10 minutes at room temperature. The 
absorbance at 595nm was measured. Total protein concentration of samples was 
calculated by reference to a standard curve prepared by plotting each BSA 
standard absorbance vs. its concentration in μg/ml. 
 
2.14 Statistics analysis 
A standard personal computer with SPSS 11.5 (Chicago, IL, USA) software was 
used for the statistical evaluation of the results. Comparison between different 
groups was performed using the non-parametric Mann-Whitney U test (two-
tailed). Intra-group comparison was performed using paired test. Values of p≤0.05 
were considered statistically significant.                                                                                                  
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Chapter 3 In vitro human lymphocytes response to house 




Over the past ten years, there was an extensive research activity directed towards 
the in vitro allergen-specific T cell responses, focusing on cytokine production 
profile. Various models and cell culture systems for in vitro challenge have been 
established. As with many fields of biologic sciences, cell culture systems have 
served as an essential investigational tool to facilitate our understanding of many 
developmental/maturational and physiologic properties of cells. It is important to 
achieve and establish optimal culture conditions and challenge systems for the 
analysis of cytokine since the frequency and the cytokine signature of antigen-
specific T cells in the blood reflect the magnitude and the quality of T cell 
immunity in vivo. 
 
Generally, two types of models have been used to investigate the cytokine mRNA 
expression and protein production profiles: 1) peripheral mononuclear cells 
(PBMC), 2) T cell clones. The possibility to culture primary lymphoid cells 
consisting of a heterogeneous population of T and /or B cells (albeit for limited 
periods of time) has allowed immunologists to study the biochemical and 
molecular mechanisms controlling many important biologic features of B and T 
cells, including gene rearrangement. A widely used primary culture system in 
research is PBMC. A Peripheral Blood Mononuclear Cell (PBMC) is a blood cell 
having a round shaped nucleus, such as a lymphocyte or a monocyte. 
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Physiologically, these blood cells are a critical component in the defense 
mechanism against infection. In 1998, Laan and colleagues carried out a study to 
investigate the optimal culture conditions. They suggested that culture conditions 
which allow efficient analysis of proliferative responses are essentially different 
from those optimal culture conditions for the proper analysis of cytokine mRNA 
expression and protein production with respect to medium requirements and type 
of culture plates [Laan et al., 1998]. Besides the use of primary culture, advances 
in cell culture systems have evolved rapidly during the past few decades leading 
to the development of cell cloning techniques. In the late 1970s, cloned T cell 
lines was introduced with the discovery that non-transformed antigen-specific T 
cells could be grown indefinitely when a T cell growth factor (interleukin-2) was 
included in the culture together with a source of antigen and antigen-presenting 
cells [Tanaka et al., 1981]. The major advantage of using cloned cell lines is that 
large numbers of homogenous cells can be generated for investigation, comparing 
to primary culture. A disadvantage in the use of transformed cells is that they are, 
by definition, abnormal. Indeed, many transformed cells have abnormal numbers 
of chromosomes and often display phenotypic and functional properties not seen 
in normal cells.  
 
There are two approaches to the examination of cytokine production [Smart and 
Kemp, 2002]. The challenge of T cells by non-specific mitogens such as 
phytohaemagglutinin (PHA), phorbol myristate acetate (PMA) or superantigens 
such as staphylococcal enterotoxin B (SEB) examines the underlying 
predisposition of cytokine production. In 1998, Katial and colleagues reported the 
normal range for the production of IL-2, IL-4, IL-5, IL-10, IFN-γ, TNF-β and 
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TNF-α after challenge with several mitogens [Katial et al., 1998]. Besides, 
specific allergen/antigen is widely used to stimulate T cells, which provide 
information on cytokine production by allergen reactive cells influenced by prior 
antigen exposure. Of note, antigen responses differed from mitogen and 
superantigen responses in several key areas. First, the geometry of the T 
cell/accessory cell interaction was critical for antigen responses; maximal 
responses were observed in slant tubes that allowed close proximity of T cells and 
accessory cells, but still allowed adequate media access to responding cells. 
Second, responses were maximized when Brefeldin A (inhibit cytokine secretion) 
was omitted from the initial hour of interaction (likely to allow optimal antigen 
processing), and when exogenous co-stimulation was provided. Third, precise 
detection of responding T cells was enhanced with inclusion of CD69 assessment 
in the multiparameter protocol [Waldrop et al., 1997].  
 
In earlier studies (most carried out during the 1990s), cytokines were quantified as 
secreted products in culture supernatants by ELISA assay. Development of flow 
cytometry allows researchers to investigate simultaneously a multitude of cellular 
characteristics within mixed populations at the level of individual cell. A flow 
cytometer can tell us about the relative size, relative granularity or internal 
complexity about a cell. It can also reflect the relative fluorescence intensity when 
a cell is stained with a particular fluorescence dye. Fig.3 shows the different 








The combination of immunofluorescent staining for surface and intracellular 
antigens and flow cytometry offers many advantages for the analysis of mixed 
populations of cell. It permits the high-resolution analysis of particular cell types 
(i.e., as defined by the chosen parameters) within heterogeneous cell populations 
without the need for laborious cell-separation procedures. In this way, multicolor 
flow cytometric analysis enables characterization of individual cells having a 
variety of distinct cellular characteristics and functions. These characteristics may 
define a cell’s activation status, lineage, subset identity, the capacity to bind cells 
and tissues or migrate to sites of inflammation. In 1999, Schuerwegh and 
colleagues  conducted a study to investigate simultaneously the IL-2, IFN-γ, IL-4 
and IL-5 production in both T-helper and T-suppressor/cytotoxic cells of patients 
with different immune mediated disorders i.e. rheumatoid arthritis, allergic asthma 
and atopic dermatitis using three-color flow cytometry cytokine analysis. They 
 26
  
showed that active atopic dermatitis patients showed a type 2 cytokine profile, 
whereas stable asthma patients with lower disease activity did not show a 
predominance of type 2 cytokines. Rheumatoid arthritis patients under treatment 
with salazopyrin had a type 1 cytokine profile [Schuerwegh et al., 1999]. Using 
purified IFN-γ-, IL-4- and IL-10-producing allergen specific CD4+ T cells which 
display characteristics of Th1-, Th2- and T regulatory1-like cells,  Akdis and 
colleagues showed that there is a high frequency of allergen-specific IL-4-
secreting T cells in allergic individuals and Tr1 cells consistently represent the 
dominant subset specific for common environmental allergens in healthy 
individuals, indicating that a change in the dominant subset may lead to allergy 
development or recovery [Akdis et al., 2004]. 
 
To date, in vitro studies showed conflicting conclusions as to the cytokine 
production profiles upon exposure to specific allergens. Although atopic diseases 
is widely regarded as being due to the deviation of immune responses to a Th2-
type, the evidence that allergen-induced Th1 cytokine production is down 
regulated is less clear. IFN-γ mRNA expression and production was reported to be 
reduced in atopic subjects [Parronchi et al., 1991; Tang et al., 1993; Rousset F et 
al., 1991; Jujo et al., 1991;Pene et al., 1994], whereas in others it was normal 
[Quint et al., 1989; Gauchat et al., 1991] or elevated [Yssel et al., 1992; Tang et 
al., 1994; Grewe et al., 1994] compared to healthy controls. IL-4 production was 
usually [Wierenga et al., 1990; Tang et al., 1993; Rousset et al., 1991; Durham et 
al., 1992], but not always [Quint et al., 1989; Pouw-Krann et al., 1994], reported 
to be elevated. In 2002, Smart and colleagues demonstrated that polyclonal 
stimulus induces a reduced Th1 (IFN-γ) and increased Th2 (IL-4 and IL-5) 
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cytokine pattern whereas, the allergen –induced cytokine responses in atopic 
children were associated with both increased Th1 (IFN-γ) and Th2 (IL-4 and IL-5) 
cytokine production [Smart and Kemp, 2002]. However, a study by Bullens and 
colleagues showed that challenge with rDer p 2 resulted in Th2 cytokine 
production in cultures of PBMC from allergic but not from healthy children. In 
contrast, IL-10 and IFN-γ were induced in cultures from both allergic and non-
allergic children [Bullens et al., 2005]  
 
3.2 Results 
3.2.1 Establishment of cell culture system and monitoring of cultured cells by 
flow cytometry 
In this study, two types of primary culture of human lymphoid cells were used to 
measure the production of cytokines, i.e. cells isolated from peripheral blood and 
cells isolated from human tonsillar tissues (as described in Materials and 
Methods). Unlike cell lines, primary cultures are heterogenous. The relative size 
and relative granularity or internal complexity can be monitored by flow 
cytometry using the parameters Forward Scatter (FSC) and Side Scatter (SSC). 
Fig.4 shows a representative FSC vs SSC dot plot of freshly obtained, unstained 
PBMC sample, which gives a clear picture of the different cell populations in 
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Fig.4. Representative dot plot of fresh isolated cells. Left panel, PBMC; right 
panel, tonsil cells.  
 
Cell viability was estimated by trypan blue exclusion assay immediately after 
PBMC and tonsil cell isolation. A >95% viability for PBMC and >90% viability 
for tonsil cells were obtained and used for following experiments; the study was 
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Fig.5. Study design. HDM challenged cells were processed by different methods 
according to the flow chart depicted here. 
 
3.2.2 Induction of cytokine production by Der p challenge  
Der p-induced T cell cytokine profile was investigated in PBMC cultures of six 
HDM-allergic subjects with positive reactions to SPT and of four matched healthy 
control subjects. Three Th1 cytokines (IFN- γ, TNF-α, IL-2) and three Th2 
cytokines (IL-10, IL-5, IL-4) were measured simultaneously in each subject. The 
same assay was repeated in ten tonsillar tissue cell cultures (Five HDM-allergic 







3.2.2.1 Time course cytokine production upon HDM challenge 
PBMC  
As shown in Fig.6A, PBMC from both allergic and non-allergic subjects produced 
significant amounts of IFN-γ upon challenge with Der p. There was a steady 
increase over a 5-days-challenge period (P<0.01 in both allergic and non allergic 
subjects at Day5 in comparison with Day0). Der p challenge also induced a 
detectable increase of IL-5 and IL-2 in both allergic and non-allergic groups 
(Fig.6B,D). As for TNF-α, IL-10 and IL-4, Der p didn’t induce significant change 
of concentration during the challenge period, in both allergic and non-allergic 
groups (Fig.6C, E, F and Table 2).  
 
Tonsillar tissue 
Cultures from tonsillar lymphocytes responded to house dust mite challenge in a 
fashion similar to that from PBMC, except that the absolute concentrations are 



















































































































































































































Fig.6. Der p-induced cytokine response in allergic (n=6) and non-allergic (n=4) 
subjects from human PBMC. PBMCs (1x106/ml) were cultured in medium 
alone or with Der p (20ug/ml). Graphs show the concentrations of (A) IFN-γ (B) 
IL-5 (C) TNF-α (D) IL-2 (E) IL10 (F) IL-4 measured at different time points i.e., 
Baseline (0), Day 1 (DP D1), Day 3 (DP D3), and Day 5 (DP D5). Results are 































































































































































































































Fig.7. Der p-induced cytokine response in allergic (n=5) and non-allergic (n=5) 
subjects from human tonsillar tissues. Human tonsil cells (1x106/ml) were 
cultured in medium alone or with Der p (20ug/ml). Graphs show the 
concentrations of (A) IFN-γ (B) IL-5 (C) TNF-α (D) IL-2 (E) IL10 (F) IL-4 
measured at different time points i.e., Baseline (0), Day 1 (DP D1), Day 3 (DP 
D3), and Day 5 (DP D5). Results are shown in median value. 
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3.2.2.2 Comparison between allergic and non-allergic groups 
Next we compared the differences of cytokine production between allergic and 
non-allergic groups. As shown in Table 2 and Fig.8, Der p-induced secretion of 
IFN-γ at Day 5 did not differ significantly between both groups (Non-allergic, 
median=723.3; Allergic, median=480.2; p=0.762). IL-5 is induced in allergic 
subjects but not in healthy groups (Non-allergic, median=1.724; allergic, 
median=11.72, p=0.01). 
 
Table 2 Der p-induced cytokine production in allergic and non-allergic subjects. 
 Allergic (n=6) Non-allergic (n=4)  P value 
IFN-γ  480.2 723.3 0.762 
IL-5 11.72 1.724 0.01 
TNF-α -40.04 -436.1 0.01 
IL-2 -1.447 4.153 0.6263 
IL-10 -8.595 21.82 0.1714 
IL-4 0.06995 -0.6842 0.3524 
 
PBMC from allergic and non-allergic subjects were challenged with Der p. The 
amounts of cytokines were measured as described in “materials and methods”. 
The amount of Der p-induced cytokine production in PBMC cultures was 
calculated by subtracting the value obtained in medium conditions (Day 0) from 








































Fig.8. Comparison of allergen-induced IFN-γ and IL-5 production. Concentrations 
were calculated by subtracting the value obtained in medium conditions from its value 
obtained at Day5 in medium+Der p. Results are shown in median value with inter-
quartile range. NS: not significant; *: P≤0.05 
 
3.2.2.3 Comparison between fresh and thawed samples  
A set of PBMC from five allergic subjects were isolated, frozen and stored in 
liquid nitrogen for one week. After thawing, they were challenged and assayed in 
parallel with the PBMC samples (n=6, freshly isolated and challenged 
immediately) as described previously. Overall, the profile and pattern of HDM 
induced cytokine were similar, however, some slight but distinct difference were 
detected. As shown in Table 3, there is a significantly lower production of IL-5 
secretion (p=0.004) and TNF-α (p=0.004) in thawed samples than the fresh ones. 
There is also an obvious lower levels of IFN-γ and IL-4 in the thawed samples 
although do not reach statistical significance. This may be due to a small sample 






Table 3. Der p-induced cytokine production in fresh and thawed samples 
 Fresh (n=6) Thawed (n=5) P value 
IFN-γ 480.2 137.0 0.329 
IL-5 11.72 0.423 0.004 
TNF-α -40.04 -286.2 0.004 
IL-2 -1.447 -1.464 0.931 
IL-10 -8.595 0.2866 0.662 
IL-4 0.06995 -1.325 0.052 
 
Freshly isolated and thawed PBMCs were challenged with Der p. The amount of 
Der p-induced cytokine production in PBMC cultures was calculated by 
subtracting the value obtained in medium conditions (Day 0) from its value 





In the present study, we used cultures from human peripheral blood as well as 
human tonsil to study the in vitro cytokine response to house dust mite. Challenge 
with crude Der p extract resulted in IFN-γ production in cultures of PBMC from 
both healthy and allergic subjects while the Th2-cytokine, IL-5, was only 
observed to increase in allergic subjects. The functional differences between the 
CD4+ T cell subsets (Th1 and Th2) may have some clinical significance in 
humans. Recent insights into the development of allergic diseases are based on the 
functional diversity of Th1 and Th2 lymphocytes [reviewed by Abbas, 1996]. Th2 
cells are considered to be responsible for the induction and for many of the 
manifestations of atopic diseases [Murphy and Reiner, 2002]. It is now generally 
believed that in people with allergies, the Th2 lymphocytes secrete cytokines, 
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which predominantly stimulate B lymphocytes to produce IgE antibodies to 
allergens and also help to stimulate other pro-inflammatory cells, such as 
eosinophils [Benjamini 2000].  
 
The human palatine tonsil is an active immunological organ harboring a wide 
variety of immunocompetent cells which appears to play an important role in the 
first line of immune-defence against various ingested or inhaled foreign proteins 
such as bacteria, viruses, or food antigens. In this reservoir of lymphocytes, the 
average percentage of T and B cells is 42% and 52% respectively. Since 
tonsillectomy is one of the most commonly performed surgical procedures, 
tonsillar tissues are easily accessible. In the present study, we used primary culture 
from human tonsillar tissues as an alternative to PBMC, for studying the allergen 
specific T cell response. Limited studies were performed to date using this type of 
cell cultures system. In our study, we have analyzed the profile and pattern of 
cytokine response in tonsil cell cultures in parallel with PBMC. Of note, the 
absolute concentration of each cytokine differs in two systems. A possible 
explanation for the differences observed might be the source of T lymphocytes. 
The age difference of two types of lymphocytes might also account for the 
deviation: volunteers that donate blood aged 23-26 while tonsil tissues are all from 
children aged 3-9 yeas.  
 
In our study, we demonstrated that cryopreserved PBMCs response differently to 
fresh ones to same extent, indicating that the process of freezing and thawing of 
cells might have some effects on the expression and release of cytokines. Previous 
study by Kvarnstrom et al. (2004) also demonstrated that the process of 
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cryopreservation and thawing affected the expression of cytokines, both at the 
protein and the mRNA level. Therefore, we suggest using freshly isolated PBMCs 
for subsequent challenge and measurement assay. In case this is not feasible (in 
large-scale sample testing), optimized freezing and thawing protocol should be 
developed and tested. 
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Chapter 4 HDM challenge induces MAP kinase activation 
 
4.1 Introduction 
Protein kinases play a crucial role in intracellular signaling pathways. They can 
regulate T cell function and response through activation of transcription factors 
such as activating protein 1 (AP1), GATA-binding protein (GATA)-3 and nuclear 
factor κB (NF- κB). Protein kinases are classified as either protein tyrosine (Tyr) 
kinases or serine/threonine (Ser/Thr) kinases although some dual kinases exist.  
Mitogen activated protein (MAP) kinases are a family of serine/threonine kinases 
that transduce extracellular signals to the nucleus. In mammalian cells, three 
major groups of MAP KINASE that differ in their substrate specificity have been 
characterized: ERK, JNK and p38 MAP kinase. It is involved in many processes 
thought to be important in T cell responses [Adcock et al., 2006]. MAP kinase can 
be activated through phosphorylation by upstream kinases or diverse stimuli. For 
example, the p38 MAP kinases are generally activated by cytokines, hormones, 
ligands for G protein-coupled receptors, and stresses such as osmotic shock and 
heat shock. Once activated, MAP kinase phosphorylates selected transcription 





Fig.9. Illustration of MAP kinase pathways. ATF-2, activating transcription 
factor 2; ERK, extracellular signal regulated kinase; JNK, c-Jun NH2 terminal 
kinase; MAPK, MAP kinase; MAPKK, MAP kinase kinase; MAPKKK, MAP 
kinase kinase kinase; MEF, myocyte enhance factor; MEK, MAP/ERK kinase; 
ASK, apoptosis signal regulating kinase; MKK, MAP kinase kinase (modified 
from Hommes et al., 2003)  
 
The MAP KINASE signaling pathways are very complicated and not yet 
completely elucidated (Reviewed and illustrated in Fig by Hommes et al., 2003). 
The p38 pathway was originally identified as a signaling cascade activated by pro-
inflammatory stimuli and cellular stresses. To date, a great deal has been learned 
about the role of the p38 pathway in the post-transcriptional regulation of gene 
expression. It is thought that the synthesis of many inflammatory mediators such 
as TNF-α, IL-4, IL-5, IL-8 is regulated through activation of p38 (Kyriakis and 




The c-Jun NH2- terminal kinases (JNKs) phosphorylate and activate members of 
the activating protein-1 (AP-1) transcription factor family and other cellular 
factors implicated in regulating altered gene expression, cellular survival, 
differentiation and proliferation. JNK acts through enhancing the transcriptional 
activity of AP-1 by phosphorylation of the AP-1 component c Jun and thereby 
increasing AP-1 association with the basal transcriptional complex (Hibi et al., 
1993). The JNK activation may also be important in the regulation of the immune 
response, e.g. JNK polarizes the differentiation of CD4+ T cells to a Th1-type 
immune response (Dong et al., 1998). 
 
4.2 Results 
In this study, the phosphorylation states of three MAP kinases (p38, ERK1/2, 
JNK1/2) were measured using BDTM CBA Flex Set. It has been shown that this 
method and western blot assay performs equivalently in sensitivity [Morgan et al., 
2004]. The advantage of this method is that it can give sensitive and quantitative 
measurements of multiple proteins in the same sample and reads absolute values 
in terms of units of protein due to an internal standard curve. 
 
4.2.1 HDM challenge activates p38, ERK and JNK 
 First, we asked whether the phosphorylation status of the three protein kinases 
were changed after cells were exposed to HDM for 30 minutes. As shown in 
Table 4, challenge with Der p significantly changed the phosphor-status of p38 
and ERK in both allergic and non-allergic groups. As for JNK, it was only 
phosphorylated in subjects from allergic groups, but not in those from non-allergic 




Table 4(A). Activation of p38 by Der p 
 
N Allergic (n=6) Non-allergic (n=4) 
 unchallenged challenged fold increase unchallenged challenged fold increase 
1 96.21692 168.1115 1.747213 422.798 570.5318 1.349419 
2 177.512 67.57241 0.3806639 1204.326 1739.83 1.44465 
3 19.35962 34.70771 1.792789 124.2528 259.5213 2.088656 
4 16.66041 28.79117 1.728119 574.326 612.7995 1.066989 
5 8.863344 6.59995 0.7446343    
6 10.62627 26.86034 2.52773    





Table 4(B) Activation of ERK by Der p 
 
N Allergic (n=6) Non-allergic (n=4) 
 unchallenged challenged fold increase unchallenged challenged fold increase 
1 124.1128 274.2238 2.209472 422.798 1085.669 2.56782 
2 377.2727 97.64109 0.2588077 1204.326 2776.714 2.305617 
3 30.27395 35.9324 1.186908 124.2528 431.2652 3.470869 
4 30.54409 44.41978 1.454284 274.326 923.2628 3.365568 
5 18.83839 18.34422 0.9737679    
6 28.61938 56.48827 1.973777    









Table 4(C) Activation of JNK by Der p 
 
N Allergic (n=6) Non-allergic (n=4) 
 
unchallenged challenged fold increase unchallenged challenged fold increase 
1 69.58785 184.8916 2.656952 649.1966 638.0317 0.982802 
2 127.0813 63.78023 0.5018852 1910.326 1790.083 0.9370563 
3 16.59396 32.28282 1.945456 250.5858 299.2577 1.19423 
4 21.11632 36.06603 1.707969 845.603 805.5412 0.9526234 
5 6.09544 5.632288 0.9240166    
6 16.02332 32.26723 2.013767    
Median fold increase                              1.827                                                   0.9677 
 
PBMCs (1x106/ml) were cultured in medium alone or with Der p (20μg/ml). A   
3-plex CBA flex set was run to measure phosphorylated ERK, JNK, p38. Results 
were normalized to total protein concentration and expressed as units/mg protein. 
Challenge-induced activation is shown in fold increase by normalizing to 
unchallenged samples. 
 
4.2.2 Kinetic analysis of MAP kinases activation by HDM in allergic subjects 
Next, we did a kinetic analysis of T cells after activation by HDM for up to 90 
minutes in allergic groups. As shown in Fig.10, a further increase in phosphor-
activity was observed in all three markers (median fold-increase at 90 min: p38, 
7.704; ERK, 6.520; JNK 9.934).  
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Fig.10. Kinetic analysis of MAP kinases activation by HDM. PBMC from 
allergic subjects were challenged with Der p for different lengths of time. Fold 
increase in activity was plotted as median values. 
 
4.3 Discussion 
The MAP kinases (p38, ERK, JNK) cascade couples signals from cell surface to 
transcription factors, which regulates gene expression. Depending upon the 
stimulus and/or stress type and downstream targets, this pathway can play a 
crucial role in T cell signaling transduction.  
 
In the present study, we investigated the in vitro human lymphocytes response to 
house dust mites, concentrating on two aspects of cell responses: cytokine 
production and phosphorylation of MAP kinases. On the time axes, signal 
transduction happens at very early time upon cells were exposed to challenge, and 
cytokine expression and secretion is the late events of the whole cascade. To date, 
the detailed pathway and downstream targets for MAP kinases are still unclear. 
Previous studies have demonstrated that Der f induced IL-5 synthesis in human T 
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cell clone was decreased by inhibiting the activation of p38 [Mori et al., 1999]. A 
most recent study also showed that Th2 cytokine gene is regulated by p38-
mediated phosphorylation of GATA-3, which has a critical role in regulating IL-4, 
IL-5, and IL-13 release from a human T cell line [Maneechotesuwan et al., 2007]. 
In the previous chapter, we have shown that Der p induced significant IFN-γ in 
both allergic and non-allergic subjects. However, the Th2 cytokine IL-5 is only 
produced to a significant amount in allergic groups. In this chapter, we showed 
that challenge of PBMCs with HDM induces the phosphorylation of MAP kinases 
p38 and ERK in both allergic and non-allergic subjects. However, JNK is only 
activated in allergic groups. Analysis and comparison of the different responses 
between allergic and non-allergic subjects suggest that activation of JNK might be 
an upstream event in regulating release of IL-5. Future studies using specific 






Chapter 5 HDM challenge induces ROS generation and 
apoptotic cell death 
 
5.1 Introduction 
5.1.1 Review of T cell death and life  
T cells are among the most versatile cells in the body. They rest in peripheral 
lymphoid organs until they encounter activating signals, such as foreign antigen 
presented by antigen-presenting cells, and gain the ability to enter sites of 
inflammation [Krammer et al., 2007]. T cells live or die depending on whether 
they are needed for an immune reaction or not. While insufficient cell death of 
activated T cells can result in autoimmune disorders, elimination of too many T 
cells can lead to immunodeficiency [Arnold et al., 2006]. Therefore, it is very 
important to maintain T cell homeostasis. An accumulation of cells in tissues can 
be a consequence of either an increase in cell production or a decrease in cell 
death. The balance between production and death is important for maintaining cell 
numbers within physiological ranges. Apoptosis of mature T cells is a powerful 
mechanism for deleting T cells. During the progress of apoptosis (programmed 
cell death), cells undergo an orchestrated series of biochemical events, such as 
loss of cell volume, plasma membrane blebbing, nuclear condensation, chromatin 
aggregation, and endonucleocytic degradation of DNA into nucleosomal 
fragments,  leading to a characteristic cell death. 
 
Regulation of T cell apoptosis is critical for lymphocyte homeostasis and immune 
functions. T cell homeostasis is basically controlled by two separate apoptosis 
pathways: activation-induced cell death (AICD) and activated T cell autonomous 
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death (ACAD) [Arnold et al., 2006]. The term “AICD” was first coined by 
Green’s group in 1989, when they showed that T cell hybridomas or thymocytes 
actually died by apoptosis following activation through their CD3 molecules [Shi 
et al., 1989]. AICD is a process in which activated T-cell-receptor-restimulated T 
cells undergo cell death after engagement of cell-death receptors, such as CD95 or 
the tumor-necrosis factor receptor (TNFR), or after exposure to reactive oxygen 
species (ROS) [Krammer et al., 2007]. In contrast, ACAD is a process where T 
cells undergo apoptosis without TCR restimulation, cell death is determined by 
the ratio between anti- and pro-apoptotic Bcl-2 family members at the 
mitochondria [Hildeman et al., 2002; Strasser et al., 2004].  
 
5.1.2 Role of reactive oxygen species in immune response 
At the molecular level, reactive oxygen species (ROS) are constantly generated in 
all aerobic organisms in response to both external and internal stimuli. ROS 
include hydroxyl radicals (.OH), superoxide anions (O2.-), hydrogen peroxide 
(H2O2) and nitric oxide (NO). They are particularly transient species due to their 
high chemical reactivity and can react with DNA, proteins, carbohydrates and 
lipids in a destructive manner. The cell is endowed with an extensive antioxidant 
defense system to combat ROS [Curtin et al., 2002]. Antioxidant function is the 
result of both endogenous antioxidant such as Cu/Zn-superoxide dismutase (SOD), 
MnSOD and exogenous antioxidant derived from the diet. When ROS overcome 
the defense system of the cell and redox homeostasis is altered, the result is 
oxidative stress.  
It is now realized that the direction of many cellular processes depends on redox 
state. There has been growing interest in the role of antioxidant function in 
controlling inflammatory disease states, such as allergy. The immune system can 
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be affected by the redox state. However, the relationship between oxidative 
balance and allergen-specific immune response is unclear. Allergens that induce 
oxidative stress can enhance airway immune responses. Oxidase activity in 
allergens might provide significant adjuvant activity [Boldogh et al., 2005]. The 
disruption of antioxidant pathways, for example those regulated by the Nrf2 
transcription factor, may lead to severe allergen-driven AHR in mice [Rangasamy 
et al., 2005]. Meanwhile, Dinakar and coworkers showed that asthma is associated 
with increased markers of oxidative stress [Dinakar et al., 2004]. Li-Weber and 
colleagues suggested in their study that antioxidant may inhibit allergic Th2 
responses while Han and colleagues showed that Vitamin E supplementation 
increased Th1 cytokine production [Li-Weber et al., 2002]. Others have presented 
an alternative hypothesis based on in vitro studies that some foods containing 
antioxidants can inhibit Th1 responses and thereby increase the risk of allergic 
disease [Murr et al., 2005; Zvetkova et al., 2001; Winkler et al., 2004]. In 1999, 
Mates et al showed that in mononuclear cells from allergic patients, SODs and 
Catalase (CAT) activities were enhanced compared to controls whereas a decrease 
in GSHPx activity was found [Mates et al., 1999]. However, studies examining 
the effects of different levels of exogenous (dietary) antioxidants are inconsistent 
[Fogarty et al., 2000; Kaur et al., 2001; Romieu et al., 2002]. 
 
Further, ROS has also been shown to mediate apoptosis in several model systems, 
including excitotoxic neural cell death, PMA-induced death of neutrophils, and 
HIV-induced death of T cells [Buttke and Sandstrom, 1995; Patel et al., 1996; 
Dobmeyer et al., 1997; Fadeel et al., 1998]. Of note, activated T cells have been 
shown to have elevated levels of ROS. ROS may act as decisive contributors to 
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the death of activated T cells [Castedo et al., 1995].  
 
5.1.3 Introduction to the Traditional Chinese Medicine Lingzhi 
For centuries, Traditional Chinese Medicine has regarded Ganoderma lucidum, a 
fungus (Myceteae, Amastigomycota, Busidomycetes, Aphyllophorales, 
Polyporaceae, Ganoderma) as a premium remedy for many diseases [Lai et al., 
2001]. In mandarin, it is called Lingzhi, which means “herb of spiritual potency” 
and has also been described as “mushroom of immortality”. Because of its 
presumed health benefits and apparent absence of side-effects, it has attained a 
reputation in the East as the ultimate herbal substance. This fungal species has a 
worldwide distribution in both tropical and temperate geographical regions, 
including North and South America, Africa, Europe, and Asia, growing as a 
parasite or saprophyte on a wide variety of trees. According to The Chinese 
Herbal Materia Medica (Ben Cao Gang Mu), lingzhi may be classified into six 
categories according to their shapes and colors, each of which is believed to 
nourish a different part of the body.  
 
Numerous studies of lingzhi carried out in China, Korea, Japan and the United 
States, have shown its effectiveness in the treatment of a very wide range of 
diseases and symptoms such as cancer and autoimmune diseases. Of note, the 
antioxidant effect of Lingzhi has been widely investigated. For example, Chung 
and colleagues reported in their preliminary study that, Lingzhi contains 
antioxidant component(s) that act within the cell membrane and slow lipid 
peroxidation in situ using a “living cell” flow cytometric approach [Chung et al., 
2003]. Similarly, Wong et al showed in their mice model study that, Ganoderma 
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lucidum exhibited a dose-dependent antioxidative effect on lipid peroxidation and 
superoxide scavenging activity in mouse heart homogenate using cytochrome c 
reduction method by UV spectrophotometer [Wong et al., 2004]. In addition, in a 
study focuing on the effects of Ganoderma lucidum on human DNA, it was shown 
that at low concentration, G.lucidum has a genoprotective effect and confer 
protection against subsequent oxidant challenge to cells; but it damaged DNA at 
high concentrations. The mechanism of damage appeared to be mediated by 
hydrogen peroxide, which was generated in vitro by G. lucidum, as the effect was 
ameliorated by the presence of catalase [Wachtel-Galor et al., 2005]. Furthermore, 
crude, boiled and ethanolic extracts of G.lucidum also increased significantly 
nitric oxide production over the control, as reported by Acharya and colleagues 
[Acharya et al., 2005]. Besides, it was also been suggested that G.lucidum could 
act as an antioxidant in adjuvant cancer therapy as it was shown to inhibit the 
oxidative stress-induced invasive behavior of breast cancer cells by suppressing 
oxidative stress stimulated phosphorylation of extracellular protein kinases 
(Erk1/2), which resulted in the down-regulation of expression of c-fos, and in the 
inhibition of transcription factors AP-1 and NF-κB [Thyagarajan et al., 2006]. 
 
5.2 Results 
5.2.1 Generation of ROS induced by HDM challenge 
In this study, we used the indicator 2,7-dichlorofluorescein (H2DCFDA) to 
monitor the generation of intracellular ROS. The dye is cell-permeant and non-
fluorescent until the acetate groups are removed by intracellular esterases and 
oxidation occurs within the cell. The level of ROS production was calculated by 
measuring the relative fluorescence intensity of the oxidized product, DCF. 
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As shown in Fig.11, Der p challenge results in elevated ROS level at Day5 in 
allergic subjects (Comparison between “result of Der p at day 5” with “controls on 
day zero”, p=0.0313) but not in those from healthy control groups. When cells 
were co-treated with Der p and Lingzhi, a decrease in basal DCF fluorescence was 
detected at all three time points measured in allergic groups, indicating that 
Lingzhi inhibits the generation of ROS. Of note, treatment with Lingzhi alone also 
induced a decrease in basal fluorescence intensity.   
 
Allergic (n=6)




































Fig.11. ROS production in allergic and non-allergic subjects. PBMCs were 
challenged with HDM (20μg/ml) in the presence or absence of Lingzhi (10μg/ml). 
Relative fluorescence intensity was measured at Day 1, 3, 5 and was normalized 
to control. *P<0.05.  
 
5.2.3 Apoptotic cell death induced by HDM challenge 
Caspase-3 and PARP are two apoptosis-related proteins. Caspase-3 (CPP32, 
Apopain, Yama) is a cysteine peptidase. It is processed from the pro-caspase form 
into its active subunits in cells receiving various apoptosis-inducing stimuli. 
PARP, or poly (ADP-ribose) Polymerase, is the first identified caspase-3 substrate. 
It is a 116 kDa protein involved in the repair of DNA, in differentiation and in 
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chromatin structure formation. During apoptosis, this protein is cleaved by 
caspase-3, and possibly other caspases, into an 89 kDa fragment [Lazebnik et al., 
1994].  
 
0         Rest       DP     DP+LZ
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Fig.12. Caspase-3 processing during activation of human PBMC. Whole cell 
lysates were subjected to 12% SDS-PAGE, and visualized by western blot with 
specific antibody against procaspase-3 (32KDa). 0, unchallenged; Rest, cultured 
in medium alone for 5 days; DP, cultured in Der p for 5 days; DP+LZ, cultured in 
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Fig.13. PARP processing during activation of human PBMC. Whole cell 
lysates were subjected to 6% SDS-PAGE, and visualized by western blooting with 
specific antibody against cleaved form of PARP (85KDa). 0, unchallenged; Rest, 
cultured in medium alone for 5 days; DP, cultured in Der p for 5 days; DP+LZ, 
cultured in Der p plus Lingzhi for 5 Days. 
 
Results shown that in allergic group, procaspase-3 was apparently cleaved (absent 
in four out of six subjects) in cells challenged with Der p (Fig.12A lane 3). 
However, this event was inhibited in cells co-cultured with Lingzhi (Fig.12A lane 
4). Concordantly, the cleaved fragment of PARP was found in all six subjects 
(Fig.13A, lane 3) and three of them disappeared in the present of Lingzhi 
(Fig.13A, lane 4).  
 
In non-allergic group, little or no procaspase-3 was cleaved as compared to 
unchallenged and resting cells in all of four subjects (Fig.12B lane 3). A low 
degree of cleaved form of PARP appeared in only two subjects (Fig.13B lane 3). 
In cells co-cultured with Lingzhi, cleaved-PARP was absent in all four subjects 




In the present study, we demonstrated that oxidative stress occurs in allergic 
subjects upon HDM challenge. When co-challenged with Lingzhi, generation of 
ROS was reduced. Of note, in the limited studies performed to date on the effect 
of dust mite on redox state, oxidative stress have been shown to be present in lipid 
peroxidation. Oxidative stress was assessed indirectly by measuring the 
concentration of lipid peroxidation products malondialdehyde [Atambay et al., 
2006]. In our study, we performed a more direct assay to monitor the cellular 
redox state by staining the cells with the indicator H2DCFDA and the change in 
ROS are detected at single cell level by flow cytometry, which is more accurate 
and sensitive. 
 
After we have discovered that there was ROS burst in Der p treated cells from 
allergic subjects, we next asked whether these cells undergo apoptosis after 
challenge. Western analysis revealed that during Der p challenge, processing of 
two important proteins in apoptosis (caspase-3 and PARP) was observed, 
indicating the occurrence of apoptosis. Adding Lingzhi seems to have a protective 
role in this process. These findings provide evidence, although indirect, that 
Lingzhi could inhibit apoptosis in Der p activated cells by inhibiting the 
generation of ROS. This would shed some light on the therapeutic role of Lingzhi 
in addition to its use as a supplementary nutrient.  
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Chapter 6 General Discussion and Conclusion  
In this thesis, we investigated the biochemical response of lymphocytes activation 
after HDM challenge, focusing on MAP kinases phosphorylation, cytokine 
production and apoptosis. These studies would provide a better understanding of 
the pathogenesis of allergic disease.  
 
6.1 Regulation of cytokine production by MAP kinase 
MAP kinase (p38, ERK, JNK) couples signals from cell surface to transcription 
factors. To date, the detailed pathway and downstream targets for MAP kinases 
are still unclear. Previous studies have demonstrated that Der f induced IL-5 
synthesis in human T cell clone was decreased by inhibiting the activation of p38 
[Mori et al., 1999]. A recent study also showed that Th2 cytokine gene is 
regulated by p38-mediated phosphorylation of GATA-3, which has a critical role 
in regulating IL-4, IL-5, and IL-13 release from a human T cell line 
[Maneechotesuwan et al., 2007]. In our study, activation of JNK seems to be 
associated with increased production of IL-5 in allergic subjects only, but not for 
IL-4 (IL-13 was not determined in this study). P38 and ERK were activated in 
both allergic and non-allergic groups after HDM challenge. However, five of the 
six detected cytokines, except INF-γ (increased in both groups), were not 
increased in the non-allergic group. Therefore, more studies on the mechanisms of 





6.2 Effect of cryopreservation on cytokine production 
Studies on cytokine expression in blood cells are commonly performed on 
cryopreserved cells. Previous studies have shown that cryopreservation affected 
cytokine expression, but the findings were not consistent. It was demonstrated that 
the process of cryopreservation and thawing affected the expression of cytokines, 
both at the protein and the mRNA level [Kvarnstrom et al., 2004]. In contrast, 
another study reported that the frequencies and the type 1/type 2 cytokine 
signatures of recall antigen-specific CD4 and CD8 cells were unaffected after 
cryopreservation [Kreher et al., 2003]. This may be due to divergent effects of 
freezing on different cytokines, different stimuli, and different patient groups or to 
the use of different assays in the studies. In our study, we have measured common 
Th1 (INF-γ, TNF-α, Il-2) and Th2 (IL-4, Il-5, IL-10) cytokines from six freshly 
isolated and five cryopreserved PBMCs after HDM challenge, all of which 
belonged to allergic subjects.  In general, cytokine production was significantly 
(p<0.05) lower in the cryopreserved PBMCs, such as IL-5 (for IFN p=0.329). 
Therefore, our results are in agreement with Kvarnstrom’s report that the process 
of cryopreservation and thawing had an effect on the expression of cytokines. This 
finding emphasizes the importance of considering the effects of freezing for each 
cytokine and stimuli before using frozen cells in studies on in vitro cytokine 
secretion.  
 
6.3 HDM-induced cell apoptosis and the protective effect of Linzhi 
Allergic diseases such as allergic rhinitis and asthma are chronic inflammatory 
processes with the over-activation of lymphocytes, mast cells and eosinophils, 
which are commonly found in airway mucosa. A prolonged survival of these cells 
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at the site of inflammation has also been reported by many studies. It was 
suggested that apoptosis, a specific morphological feature of activation-induced 
cell death, can maintain T-lymphocytes homeostasis [Cohen et al., 1992]. 
Recently, Mate and colleagues (1999) reported that in PBMCs from allergic 
patients, the activity of two antioxidant enzymes, superoxide dismutases (SODs) 
and catalase (CAT) were enhanced compared to controls. This study suggests that 
these enzymes activity enhancement may act as a protective mechanism against 
cell apoptosis in allergic patients, as oxidative stress is often present in apoptosis. 
 
The activation of immune cells triggers a cascade of intracellular events that leads 
to cell differentiation and proliferation. Alternatively, stimulation signal(s) may 
induce cell death by apoptosis via a process termed “activation-induced cell 
death” [Guerra et al., 1999]. These authors were able to demonstrate that cell 
culture with specific allergens induced apoptosis in PBMCs from atopic patients. 
Furthermore, allergen specific immunotherapy can cause apoptosis mainly in the 
Th2 cells, which can be explained by induced immune tolerance to exogenous 
allergen with induction of Th2 cells anergy (non-responsiveness) [Guerra et al., 
2001]. From existing literature reports, however, the mechanisms by which these 
opposite responses are triggered and the requirements that influence the decision 
made by the immune cells have not been completely elucidated. 
 
In this study, three commonly reported cell apoptotic markers, such as ROS, 
caspase-3 and PARP have been used to investigate HDM-induced cell apoptosis 
in PBMC cells.  Our results suggest that HDM challenge in PBMCs of allergic 
patients may induce cell apoptosis that was shown by higher generation of ROS 
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and increased activity in cleavage of PARP by caspase-3. This event can be 
inhibited by co-culture with Lingzhi. This is probably the first study reporting an 
anti-apoptotic effect through the anti-oxidative effect of Linzhi. It seems that the 
endogenous antioxidants in allergic subjects are overwhelmed after HDM 
challenge, which could be reversed by adding Lingzhi as exogenous antioxidant. 
 
 
In summary, specific response of human lymphocytes to allergen challenge 
represents a crucial mechanism contributing to the complex features of allergic 
diseases. Although this is a small sample size study, we were able to demonstrate 
a difference in lymphocytes response to HDM challenge between allergic and 
non-allergic subjects. Our results on allergen-induced cytokine production, MAP 
kinase activation and apoptotic response of human lymphocytes may provide 
some useful information in a better understanding of the pathogenesis of allergic 
diseases. As Lingzhi has shown some protective effects in apoptotic cell death of 
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